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Appropriate Use Criteria for
Stress Echocardiography
Impact of Updated Criteria on Appropriateness Ratings,
Correlation With Pre-Authorization Guidelines, and Effect of
Temporal Trends and an Educational Initiative on Utilization
Howard J. Willens, MD,*† Katarina Nelson, MD,* Robert C. Hendel, MD*
Miami, Florida
O B J E C T I V E S This study evaluated utilization of stress echocardiography (SE) at our institution, the
impact of the updated 2011 appropriate use criteria (AUC) on appropriateness ratings, correlation of
AUC to radiology beneﬁts managers’ (RBM) pre-certiﬁcation guidelines and the effect of temporal trends
and an AUC-based educational project on appropriateness.
B A C KG ROUND The AUC for SE have been developed to improve efﬁciency of utilization and
promote optimal patient care.
METHOD S We classiﬁed the appropriateness of 209 SEs from 2008 using the original and updated
AUC. We also performed pre-authorization determinations on these SEs using the guidelines of 2 RBMs.
We then classiﬁed and compared the appropriateness of 209 SEs from 2011 using the updated criteria
to that of the 2008 cohort. Finally, we rated and compared 111 SEs requested by cardiologists after an
educational project to 111 SEs referred before the intervention.
R E S U L T S Overall, nearly one-third of SEs were requested for inappropriate indications. Using 2011
AUC, the original ratings of 52 (25%) studies by AUC 2008 were changed and the number of unclassiﬁed
SE decreased from 20 (9.6%) to 2 (1%). Correlation between RBM pre-authorization determination and
AUC ratings was substantial for the ﬁrst RBM (  0.625) and fair for the second (  0.358). However,
12.9% and 41.9% of studies classiﬁed as appropriate or uncertain by the AUC would not have received
pre-authorization according to the guidelines of the ﬁrst and second RBMs, respectively. Referrals of
inappropriate SE did not decrease over time or with an educational intervention.
CONC L U S I O N S The revisions in the updated AUC improve their clinical application by encom-
passing nearly all indications for SE. The limited correlation between AUC ratings and RBM determina-
tions suggests a need for greater consistency. The large number of SE requested for inappropriate
indications at our institution did not decrease with time or education. (J Am Coll Cardiol Img 2013;6:
297–309) © 2013 by the American College of Cardiology Foundation
From the *Department of Medicine, Division of Cardiology, University of Miami Miller School of Medicine, Miami, Florida;
and the †Cardiology Section, Bruce W. Carter Veterans Affairs Medical Center, Miami, Florida. The authors have reported
they have no relationships relevant to the contents of this paper to disclose.Manuscript received July 23, 2012; revised manuscript received September 28, 2012, accepted November 9, 2012.
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298n response to the dramatic growth rate of cardiac
imaging and concerns about excessive utilization,
health plans adopted a variety of strategies to manage
utilization, including pre-authorization programs ad-
ministered by radiology benefits managers (RBMs).
Concurrently, the American College of Cardiology
Foundation developed and published appropriate use
criteria (AUC) for several imaging modalities (1,2) to
eliminate unnecessary testing and promote optimal
care. Updated AUC for transthoracic, transesophageal,
See page 310
and stress echocardiography (SE) (3) were pub-
lished in 2011 with the goal of reducing the gaps of
coverage in the original criteria noted in applica-
tion studies (4 – 8) and to reflect changes in the
literature. We previously reported that the revised
AUC for echocardiography improved their clin-
ical application for transthoracic echo-
cardiography (TTE) by substantially re-
ducing the number of unclassified
studies (9).
The basis for an RBM’s decision regard-
ing authorization of an echocardiogram or
other procedure varies widely, and transpar-
ency is often lacking. Although internal
policies of RBMs used to determine pre-
authorization of echocardiograms often cite
the AUC, the extent to which these pre-
certification algorithms are consistent with
AUC is largely unknown. We previously
demonstrated poor correlation of the pre-
authorization guidelines for TTE of 2 of
Temporal
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Figure 1. Flow Chart Showing Cohorts and Analysis
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gAUC  appropriate use criteria; RBM  radiology beneﬁts manager; SEthe largest RBMs with the AUC and between
themselves (9).
Compared to TTE, there are few reports on the
application of AUC for SE. The impact of the
recent revisions on their clinical application and the
correlation of RBMs’ pre-certification algorithms
for SE with AUC have not been well studied.
Therefore, we undertook an investigation of the
application of the 2008 and 2011 AUC for SE
and the appropriateness of utilization at our
institution. We sought to evaluate the impact of
the updated AUC on the ratings of SEs previ-
ously classified using the 2008 AUC and the
correlation of the 2008 AUC with the pre-
certification algorithms for SEs of 2 RBMs.
Additionally, we wanted to examine temporal
trends in utilization of SE from 2008 to 2011 and
the effect of an educational initiative for cardiol-
ogists on their SE referral patterns.
M E T H O D S
Study population. This study was a retrospective
urvey using the electronic medical records of the
niversity of Miami Health System. The study
opulation consisted of 3 cohorts of patients who
ad SE at an academically affiliated outpatient
aboratory during 3 different time periods in 2008
nd 2011 (Fig. 1). The first cohort consisted of
09 consecutive patients undergoing SE exami-
ation between August and September of 2008.
he appropriateness of this cohort’s SEs was
etermined using the original and revised AUC
o assess the impact of the updates on appropri-
SE 2011 (post-intervention,
referred by cardiologists)
n =111
SE 2011 (pre-intervention,
referred by cardiologists)
n =111
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29
Effect of educational
interventionE 20
terv
 = 2
tal 
 = 5A B B R E V I A T I O N S
A N D A C R O N YM S
AUC appropriate use crite
CAD coronary artery disea
ECG electrocardiogram
BM radiology benefits
anager
E stress echocardiograph
PECT-MPI single-photon
mission computed tomogra
yocardial perfusion imagin
TE transthoracic stress echocardiography.
b
f
f
r
p
R
a
2
r
a
e
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 6 , N O . 3 , 2 0 1 3
M A R C H 2 0 1 3 : 2 9 7 – 3 0 9
Willens et al.
Appropriateness Use Criteria for Stress Echocardiography
299ateness ratings. The SEs of this cohort were also
used to analyze the correlation of AUC with
RBM pre-authorization determinations and as
the baseline studies for the evaluation of temporal
trends. The second cohort consisted of 209 con-
secutive patients referred for SE between July and
September of 2011, 4 months after the publica-
tion of the revised AUC. Their SEs were classi-
fied using the updated AUC, and the ratings were
compared to those of the 2008 cohort by the same
criteria to assess temporal trends in utilization.
The third cohort consisted of 111 consecutive
patients referred for SE by cardiologists between
the third week in October and the final week of
December 2011, 2 weeks after an educational
initiative. To determine the impact of this inter-
vention, the appropriateness of their SE was
compared to the ratings of all studies from the
second cohort ordered by our division’s cardiol-
ogists (n  111) during the 3-month period
efore the educational project. Patients referred
or SE as part of research protocols were excluded
rom each of the 3 cohorts. The institutional
eview board of the University of Miami ap-
roved the protocol and waived patient consent.
Determination of appropriateness. A common
methodology for classification of appropriateness
was used for the SEs from all 3 time frames in
this study. One experienced echocardiographer
(H.J.W.) reviewed the requisitions and pertinent
electronic records of the University of Miami
Health System dating back to 1999 of patients
undergoing SE from the 3 time periods. Data
extracted from the medical records to classify
Table 1. Demographics, Referring Providers, and Appropriatene
Overall
(n  529)
20
(n 
Age, yrs 56.6 14.0 56.1
Men 252 (47.6) 98
Referring provider
Cardiologists 331 (62.6) 109
Internal medicine and family practice 129 (24.4) 62
Internal medicine subspecialty 17 (3.2) 2
Surgeons/anesthesiologists 43 (8.1) 33
Mid-level providers 9 (1.7) 3
Rating
Appropriate 230 (43.5) 100
Inappropriate 163 (30.8) 63
Uncertain 121 (22.9) 44
Unclassiﬁed 15 (2.8) 2
Values are mean  SD or n (%). *Compares 2008 cohort to the 2011 cohort th
AUC  appropriate use criteria; NS  not signiﬁcant; SE  stress echocardiographappropriateness included demographics, cardiac
history, clinical and laboratory assessment of
coronary artery disease (CAD) and coronary
heart disease risk, and prior imaging and invasive
procedures. Pre-test probability of CAD was
estimated using the method of Pryor et al. (10).
We categorized dyspnea as atypical angina to be
consistent with prior reports (8). Coronary heart
disease risk was estimated according to the Adult
Treatment Panel III of the National Cholesterol
Education Program and Framingham Risk Score
using the blood pressure and fasting lipid level
obtained at a time point closest to the perfor-
mance of SE regardless of medication use (11).
Referring provider type was also recorded.
Using clinical data contained in our electronic
records and indications on the requisitions, SEs
were rated according to the 2008 and 2011 AUC.
Requests for which an indication in the criteria
could not be assigned were considered unclassified.
The remaining studies were matched to indications
for SE in the 2008 and 2011 AUC and classified as
appropriate, inappropriate, or uncertain. In cases in
which multiple indications could be equally applied,
the indication with the most favorable level of
appropriateness was selected.
Correlation of AUC and RBM guidelines for stress
echocardiography. We searched the Internet for
BMs that had developed detailed pre-
uthorization guidelines for SE and referenced the
008 AUC as a resource for creating their algo-
ithms. For our analysis of the correlation of AUC
nd RBM algorithms, we were interested in
valuating RBM guidelines that were currently
atings by 2011 AUC Overall and for Each Cohort
E
9)
2011 SE
Pre-Intervention
(n  209)
2011 SE
Post-Intervention
(n  111) p Value
3.8 56.3 14.7 57.7 13.3 NS
.9) 99 (47.4) 56 (49.6) NS
NS*
.2) 111 (53.1) 111 (100.0)
.7) 67 (32.1)
) 15 (7.2)
.8) 10 (4.8)
) 6 (2.9)
.8) 82 (39.2) 48 (43.2) NS
.1) 64 (30.6) 36 (32.4) NS
.1) 54 (26.8) 23 (20.7) NS
) 9 (4.3) 4 (3.6) NS
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300Table 2. Five Most Common Appropriate, Inappropriate, and Uncertain Indications for Entire Study Group and Each of the Individual Cohorts,
Reported as Percent of Stress Echocardiograms Receiving That Rating for Each Cohort
Entire Study Group
(n  529)
2008 SE
(n  209)
2011 SE Before Intervention
(n  209)
2011 SE After Intervention
(n  111)
2011 AUC
Indication
No. Description %
2011 AUC
Indication
No. Description %
2011 AUC
Indication
No. Description %
2011 AUC
Indication
No. Description %
Appropriate
116 Evaluation of ischemic
equivalent,
intermediate, pre-
test prob. of CAD,
interpretable ECG
and able to
exercise
55.2 116 Evaluation of ischemic
equivalent,
intermediate, pre-
test prob. of CAD,
interpretable ECG
and able to
exercise
60.0 116 Evaluation of ischemic
equivalent,
intermediate, pre-
test prob. of CAD,
interpretable ECG
and able to
exercise
52.4 116 Evaluation of ischemic
equivalent,
intermediate, pre-
test prob. of CAD,
interpretable ECG
and able to
exercise
56.3
117 Evaluation of ischemic
equivalent,
intermediate pre-
test prob. of CAD
and uninterpretable
ECG or unable to
exercise
9.6 117 Evaluation of ischemic
equivalent,
intermediate pre-
test prob. of CAD
and uninterpretable
ECG or unable to
exercise
8.0 169 Evaluation of ischemic
equivalent in pts
with prior PCI or
CABG
14.6 169 Evaluation of ischemic
equivalent in pts
with prior PCI or
CABG
16.7
169 Evaluation of ischemic
equivalent in pts
with prior PCI or
CABG
9.6 130 Detection of CAD/risk
assessment:
asymptomatic in
pts with freq. PVCs,
exercise-induced
VT, or nonsustained
VT
7.0 117 Evaluation of ischemic
equivalent,
intermediate pre-
test prob. of CAD
and uninterpretable
ECG or unable to
exercise
11.0 117 Evaluation of ischemic
equivalent,
intermediate pre-
test prob. of CAD
and uninterpretable
ECG or unable to
exercise
10.4
130 Detection of CAD/risk
assessment:
asymptomatic in
pts with freq. PVCs,
exercise-induced
VT, or nonsustained
VT
4.8 151 New or worsening
symptoms with
abnormal coronary
angiography or
abnormal prior
stress imaging
study
5.0 130 Detection of CAD/risk
assessment:
asymptomatic in
pts with freq. PVCs,
exercise-induced
VT, or nonsustained
VT
3.7 134 Detection of CAD/risk
assessment:
(without ischemic
equivalent) in pts
with syncope and
intermediate or
high global CAD
risk
4.2
115 Evaluation of ischemic
equivalent, low pre-
test prob. of CAD
and uninterpretable
ECG or unable to
exercise
2.6 115 Evaluation of ischemic
equivalent, low pre-
test prob. of CAD
and uninterpretable
ECG or unable to
exercise
3.0 115 Evaluation of ischemic
equivalent, low pre-
test prob. of CAD
and uninterpretable
ECG or unable to
exercise
2.4 115 Evaluation of ischemic
equivalent, low pre-
test prob. of CAD
and uninterpretable
ECG or unable to
exercise
2.0
Uncertain
152 New or worsening
symptoms with
normal coronary
angiography or
prior stress imaging
study
37.2 152 New or worsening
symptoms with
normal coronary
angiography or
prior stress imaging
study
34.1 152 New or worsening
symptoms with
normal coronary
angiography or
prior stress imaging
study
38.9 152 New or worsening
symptoms with
normal coronary
angiography or
prior stress imaging
study
39.1
145 Risk assessment in pts
with intermediate
to high CHD risk,
asymptomatic or
stable symptoms,
normal prior stress
imaging 2 yrs
14.0 127 Detection of CAD/risk
assessment in
asymptomatic
general patient
populations with
high global CAD
risk
13.6 145 Risk assessment in pts
with intermediate
to high CHD risk,
asymptomatic or
with stable
symptoms, normal
prior stress imaging
2 yrs
20.4 174 Risk assessment in
asymptomatic pts
2 yrs after PCI
21.7
127 Detection of CAD/risk
assessment in
asymptomatic
general patient
populations with
high global CAD
risk
12.4 157 Perioperative
evaluation, no
active cardiac
conditions, 1
clinical risk factor
and poor or
unknown functional
capacity (4 METs)
9.1 127 Detection of CAD/risk
assessment in
asymptomatic
general patient
populations with
high global CAD
risk
11.1 127 Detection of CAD/risk
assessment in
asymptomatic
general patient
populations with
high global CAD
risk
13.0Continued on the next page
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301Table 2. Continued
Entire Study Group
(n  529)
2008 SE
(n  209)
2011 SE Before Intervention
(n  209)
2011 SE After Intervention
(n  111)
2011 AUC
Indication
No. Description %
2011 AUC
Indication
No. Description %
2011 AUC
Indication
No. Description %
2011 AUC
Indication
No. Description %
157 Perioperative
evaluation, no
active cardiac
conditions, 1
clinical risk factor
and poor or
unknown functional
capacity (4 METs)
9.1 145 Risk assessment in pts
with intermediate
to high CHD risk,
asymptomatic or
stable symptoms,
normal prior stress
imaging 2 yrs
ago
16.8 157 Perioperative
evaluation, no
active cardiac
conditions, 1
clinical risk factor
and poor or
unknown functional
capacity (4 mets)
11.1 145 Risk assessment in pts
with intermediate
to high CHD risk,
asymptomatic or
stable symptoms,
normal prior stress
imaging 2 yrs
ago
13.0
174 Risk assessment in
asymptomatic pts
2 yrs after PCI
9.1 174 Risk assessment in
asymptomatic pts
2 yrs after PCI
6.8 174 Risk assessment in
asymptomatic pts
2 yrs after PCI
5.6 157 Perioperative
evaluation, no
active cardiac
conditions, 1
clinical risk factor
and poor or
unknown functional
capacity (4 METs)
4.3
Inappropriate
114 Evaluation of ischemic
equivalent, low pre-
test prob. of CAD,
interpretable ECG
and able to
exercise
40.5 114 Evaluation of ischemic
equivalent, low pre-
test prob. of CAD,
interpretable ECG
and able to
exercise
44.4 114 Evaluation of ischemic
equivalent, low pre-
test prob. of CAD,
interpretable ECG
and able to
exercise
34.4 114 Evaluation of ischemic
equivalent, low pre-
test prob. of CAD,
interpretable ECG
and able to
exercise
44.4
143 Evaluation of
asymptomatic pts
or stable
symptoms,
intermediate to low
global CAD risk,
normal stress
imaging study
2 yrs ago
7.4 125 Detection of CAD/risk
assessment in
asymptomatic
general patient
populations,
intermediate global
CAD risk and
interpretable ECG
7.9 143 Evaluation of
asymptomatic pts
or stable
symptoms, low
global CAD risk,
normal prior stress
imaging study 2
yrs ago
10.9 146 Evaluation of pts with
known CAD on
coronary
angiography or
prior abnormal
stress imaging
study 2 yrs ago,
asymptomatic or
stable symptoms
13.9
146 Evaluation of pts with
known CAD on
coronary
angiography or
prior abnormal
stress imaging
2 yrs ago,
asymptomatic or
with stable
symptoms
6.7 160 Perioperative
evaluation for
vascular surgery, no
active cardiac
conditions in pts
with no clinical risk
factors
7.9 156 Perioperative
evaluation for
intermediate-risk
surgery, no active
cardiac conditions
and no clinical risk
factors
7.8 143 Evaluation of
asymptomatic pts
or stable
symptoms,
intermediate to low
global CAD risk
normal prior stress
imaging 2 yrs
ago
11.1
156 Perioperative
evaluation for
intermediate-risk
surgery, no active
cardiac conditions
and no clinical risk
factors
6.7 156 Perioperative
evaluation for
intermediate-risk
surgery, no active
cardiac conditions
and no clinical risk
factors
7.9 144 Evaluation of
asymptomatic pts
or stable
symptoms,
intermediate to
high global CAD
risk, normal prior
stress imaging 2
yrs ago
6.3 144 Evaluation of
asymptomatic pts
or stable
symptoms,
intermediate to
high global CAD
risk, normal prior
stress imaging 2
yrs ago
11.1
144 Evaluation of
asymptomatic pts
or stable
symptoms,
intermediate to
high global CAD
risk, normal prior
stress imaging
2 yrs ago
6.1 142 Evaluation of
asymptomatic pts
or stable
symptoms, low
global CAD risk,
normal prior stress
imaging 2 yrs
ago
6.3 125 Detection of CAD/risk
assessment in
asymptomatic
general patient
populations,
intermediate global
CAD risk and
interpretable ECG
4.7 133 Detection of CAD/risk
assessment:
(without ischemic
equivalent) in pts
with syncope and
low global CAD risk
5.6
CABG  coronary artery bypass graft surgery; CAD  coronary artery disease; CHD  coronary heart disease; ECG  electrocardiogram; freq.  frequent; METs  metabolic equivalents;
PCI  percutaneous intervention; prob.  probability; pts  patients; PVC  premature ventricular contraction; SE  stress echocardiogram; VT  ventricular tachycardia
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302being applied to members of health plans referred
for SE. Therefore, we selected the 2010 utiliza-
tion management guidelines of 2 large RBMs
that had contracted with health plans to screen
SE according to a payer policies update distrib-
uted by the American Society of Echocardiogra-
phy (12). The same investigator (H.J.W.) who
performed the appropriateness classification de-
termined whether the SE of the 2008 cohort
would have received pre-authorization according
to the guidelines for SE of these 2 RBMs blinded
to the AUC ratings. Those studies not meeting
RBMs’ criteria for pre-certification were consid-
ered deferred.
Our primary analysis compared these pre-
authorization determinations to the appropriateness
ratings of the 189 studies from the 2008 cohort that
were classified using the original 2008 AUC. As a
secondary analysis, we also assessed the correlation
between RBMs’ pre-authorization determination
and the appropriateness ratings of the 207 studies of
the cohort that could be classified using the 2011
AUC. Because the AUC state that SEs with indi-
cations rated uncertain should be considered reim-
bursable (3), we considered SEs requested for both
appropriate and uncertain indications suitable for
receiving pre-authorization and pooled them in the
analysis of level of agreement between RBMs’
algorithms and AUC.
Effect of an AUC-based educational intervention. An
AUC-based educational intervention targeting re-
ferring cardiologists was performed in the first week
of October 2011 in an attempt to improve utiliza-
tion of SE at our institution. This consisted of a
cardiology grand rounds lecture regarding the ra-
tionale for the creation and contents of AUC for
echocardiography. The lecture included an exten-
sive discussion of the 5 most common inappropriate
indications for TTE and SE identified at our
institution during prior analyses and clinical scenar-
ios where stress tests without imaging would be
more appropriate (6,9). The lecture was attended by
15 (54%) of the 28 members of the division. In
addition, printed materials describing the common
inappropriate indications for SE were distributed at
the time of the lecture, and a follow-up e-mail with
the same list was sent to all of the division’s
cardiologists 1 week later. The appropriateness of
111 consecutive SEs referred by division cardiolo-
gists beginning 2 weeks after the lecture was as-
sessed and compared to that of the 111 consecutive
SEs referred by cardiologists from the 2011 cohort.Statistical analyses. Continuous variables are re-
orted as mean  SD and categorical variables as
umber and proportions. Continuous variable were
ompared using analysis of variance and categorical
ariables by chi-square test. Age was dichotomized
o 65 years and 65 years and treated as a
ategorical variable. For the evaluation of impact of
evised AUC on appropriateness classification, we
ompared the ratings of the SE from 2008 by the
011 AUC to their ratings by the 2008 AUC using
cNemar’s test. The relationship between the
ppropriateness ratings by the 2008 AUC and
re-approval determination by RBM algorithms
as evaluated with Cohen’s kappa statistic (k) and
lso reported as the percent agreement between a
avorable pre-authorization determination and
ooled appropriate or uncertain ratings by the
riteria. Appropriateness rating and indication ac-
ording to AUC 2011 and pre-authorization deter-
inations according to both RBMs were repeated
n 20 randomly selected cases by the original re-
iewer (H.J.W.) 6 months after the completion of
he initial evaluation to assess intraobserver variabil-
ty. Interobserver variability for selecting appropri-
teness rating and indication was assessed in 20
andomly selected cases 4 months after the initial
nalysis. Intraobserver and interobserver variability
re reported as kappa statistic (k) and percent
greement. A 2-sided p value0.05 was considered
tatistically significant. All analyses were performed
ith SPSS Version 19 for Windows (SPSS Inc.,
hicago, Illinois).
R E S U L T S
Utilization of stress echocardiography at our institution.
Overall, 529 SEs were classified using the AUC
2011. Table 1 shows the age, sex, referring provid-
ers, and appropriateness ratings for the entire study
group and for each time frame. For the entire study
population, patients were 56.6  14.0 years old,
and 252 (47.6%) were men. Of the 529 SEs, 230
(43.5%) were requested for appropriate indications,
121 (22.9%) for uncertain indications, and 163
(30.8%) for inappropriate indications according to
the 2011 AUC. A total of 15 (2.8%) could not be
classified using the updated AUC. The percentage
of studies requested for inappropriate indications in
the different cohorts was similar. The SEs for
women and patients 65 years old were signifi-
cantly more likely to be requested for an inappro-
priate indication compared with those of men and
patients 65 years old (35.7% vs. 25%, p  0.020,
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303and 34.7% vs. 20.3%, p  0.001, respectively).
Appropriateness rating was not significantly related
to referring provider type (p  0.140).
Table 2 shows the 5 most common appropriate,
inappropriate, and uncertain indications according
to the revised AUC for the entire study group and
the 3 individual cohorts. The evaluation of ischemic
equivalent with low pre-test probability of CAD,
interpretable electrocardiogram (ECG), and able to
exercise was the most common inappropriate indi-
cation, accounting for 66 (40.5%) inappropriate
studies and 12.5% of all referrals. The 5 most
common inappropriate indications listed in Table 2
accounted for 110 (67.5%) of the 163 inappropriate
SEs and 20.8% of overall referrals. Of the 15
unclassifiable studies, 5 (33.0%) were requested for
evaluation of inducible outflow tract gradient in
hypertrophic cardiomyopathy.
Impact of AUC updates on appropriateness ratings.
Figure 2 compares the appropriateness ratings of
the 2008 SE by the original AUC (Fig. 2A) and
the revised AUC (Fig. 2B). Table 3 shows the
eassignment of the 2008-based appropriateness
Appropriate
A 2008 Cohort
2008 AUC
Inappropriate
Uncertain
Unclassified
49.8%
29.7%
11.0%
9.6%
Figure 2. Comparison of Appropriateness Ratings of 2008 Coho
Appropriateness ratings of stress echocardiograms (SE) from the 20
and the (B) 2011 AUC, shown as percent of total studies. Using the
to 1%.
Table 3. Reassignment of the Initial Appropriateness Ratings by
Rating by AUC 2008
Appropriate
(n  100)
Inappropriate
(n  63)
Appropriate (n  104) 85 (81.7) 4 (3.8)
Inappropriate (n  62) 7 (11.3) 51 (82.3)
Uncertain (n  23) 3 (10.3) 1 (4.3)
Unclassiﬁed (n  20) 5 (25.0) 7 (35.0)Values are n (%). Appropriate use criteria (AUC) 2011 ratings recorded as frequencyratings by the updated 2011 criteria. Overall, the
appropriateness classification of 52 (25%) SEs
was changed by the updated AUC (p  0.001),
including 18 (90%) of the previously unclassified
studies, 19 (18%) of those previously classified as
appropriate, 11 (18%) of those previously classi-
fied as inappropriate, and 4 (17%) classified
uncertain by AUC 2008. The number of unclas-
sifiable SE was markedly reduced from 20 (9.6%)
to 2 (1%), and more SEs were classified as
uncertain (44 [21.1%] vs. 23 [11.0%]) on the
basis of the new criteria. The number of SEs
classified appropriate and inappropriate by the
original and updated AUC was similar. The
evaluation of asymptomatic patients with fre-
quent premature ventricular complexes, exercise-
induced ventricular tachycardia, or nonsustained
ventricular tachycardia and patients with new or
worsening symptoms with normal coronary an-
giography or normal prior stress imaging study
were the most common indications used to re-
classify SEs that were reassigned.
Appropriate
2008 Cohort
2011 AUC
Inappropriate
Uncertain
Unclassified
47.8%
30.1%
21.1%
1.0%
y the 2008 and 2011 AUC
ohort according to the (A) 2008 appropriate use criteria (AUC)
criteria, the percent of unclassiﬁed studies decreased from 9.6%
08 AUC by the Revised 2011 AUC for the 2008 Cohort
Rating by AUC 2011
Uncertain
(n  44)
Unclassiﬁed
(n  2)
Total of Each Original
Rating Reclassiﬁed
by AUC 2011
15 (14.4) 0 19 (18.3)
4 (6.5) 0 11 (17.7)
19 (82.6) 0 4 (17.4)
6 (30.0) 2 (10) 18 (90.0)B
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new20(n) of studies and percent of original rating by 2008 AUC.
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304Correlation of AUC and RMB algorithms. According
o the algorithm of RBM #1, 132 (63%) studies
rom the 2008 cohort would have been pre-
uthorized, and 77 (37%) would not have re-
eived pre-certification. For RBM #2, 94 (45%)
f studies would have been pre-authorized, and
15 (55%) would have been deferred. Table 4
hows the relationship between these RBM pre-
uthorization determinations and appropriate-
Co
un
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Figure 3. Distribution of Pre-Authorization Determinations Acco
Number of stress echocardiograms (SE) that would have been au
guidelines of (A) radiology beneﬁts managers (RBM) #1 and (B) R
bined appropriate and uncertain vs. inappropriate) by the 2008
of Appropriateness Ratings by 2008 AUC and 2011 AUC to
termination by Guidelines of 2 RBMs
Pre-Authorization
Determination by
RBM No. 1
Pre-Authorization
Determination by
RBM No. 2
Pre-Authorized
(n  132)
Deferred
(n  77)
Pre-Authorized
(n  94)
Deferred
(n  115)
4) 91 (87.5) 13 (12.5) 52 (50.0) 52 (50.0)
19 (82.6) 4 (17.4) 20 (87.0) 3 (13.0)
2) 14 (22.6) 48 (77.4) 11 (17.7) 51 (82.3)
) 8 (40.0) 12 (60.0) 11 (55.0) 9 (45.0)
0) 85 (85.0) 15 (15.0) 47 (47.0) 53 (53.0)
34 (77.3) 10 (22.7) 30 (68.2) 14 (31.8)
3) 11 (17.5) 52 (82.5) 16 (16.0) 47 (47.0)
2 (2.0) 0 (0.0) 1 (50.0) 1 (50.0)
orization determination recorded as frequency (n) and percent within each
according to 2008 appropriate use criteria (AUC).
s manager.with an appropriate and uncertain rating would not have been pre-ess ratings according to the 2008 and 2011
UC. For the 189 studies that could be classified
y AUC 2008, there was substantial agreement
ith RBM #1 (84% agreement, k  0.633) and
fair agreement with RBM #2 (65% agreement,
k  0.330). Of the 127 SEs rated appropriate or
uncertain using the 2008 AUC, 17 (13.4%) ac-
cording to the algorithm of RBM #1 and 55
(43.3%) according to that of RBM #2 would not
have been authorized (Fig. 3). Using the 2011
criteria, the agreement between pre-authoriza-
tion determinations and appropriateness ratings
for the 207 classified studies was also substantial
for RBM #1 (83% agreement, k  0.616) and
fair for RBM #2 (61% agreement, k  0.246). Of
the 144 SEs rated appropriate or uncertain using
the 2011 AUC, 25 (17.4%) according to the
algorithm of RMB #1 and 67 (46.5%) according
to that of RBM #2 would not have been autho-
rized. The large majority of SEs with a discordant
pre-authorization determination were rated ap-
propriate by both versions of the AUC as op-
posed to uncertain (Table 4). For both RBMs,
evaluation of anginal equivalent, intermediate
pre-test probability of CAD, interpretable ECG,
and able to exercise (indication 3 in 2008 AUC)
was the common indication with discordance
between pre-authorization determination and
2008 AUC appropriateness rating, accounting for
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. According to guidelines of RBM #2, 52 (41.9%) of 124 SEsB
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Ratings by 2008 AUC
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30525.8% of the discordant determinations for RBM
#1 and 59.1% for RBM #2. Applying the 2011
AUC, indication 116 (the equivalent of indica-
tion 3 in 2008 AUC) and detection of CAD in
patients with ventricular arrhythmias without
angina (indication 130 in 2011 AUC) were com-
mon appropriate indications with a discordant
authorization determination for both RBMs, ac-
counting for 16.7% and 13.9% of the discordant
determinations for RBM #1 and 44.4% and 6.2%
for RBM #2. Indication 152, evaluation of new or
worsening symptoms in a patient with prior
normal angiography or stress imaging, was also a
common clinical scenario with disagreement be-
tween RBM #2 determination and AUC 2011
rating, accounting for 9.9% of discordant cases.
Agreement between the pre-authorization deter-
minations by the 2 RBMs was only fair (67.5%
agreement, k  0.366). Indication 3 of the 2008
AUC was also the most common clinical scenario
with disagreement between RBM, accounting for
31 (54.2%) of 57 discordant determinations.
Temporal trends in utilization and effectiveness of an
educational intervention. Figure 4 shows the appro-
priateness ratings of SEs from 2011 using the
updated AUC. Although fewer SEs were ordered
for appropriate indications in 2011, overall there
was no significant change in appropriateness ratings
of SEs requested in 2011 compared to SEs of the
2008 cohort (p  0.497).
Figure 5 compares the appropriateness ratings of
SEs referred by cardiologists before the educational
initiative (Fig. 5A) and after it (Fig. 5B). More SEs
were requested for appropriate indications after the
education project, but the number of inappropriate
SEs did not decrease (31.5% vs. 32.4%). Overall, there
was no significant difference in appropriateness ratings
before and after the initiative (p  0.339).
Intraobserver reproducibility for determining ap-
propriateness rating and prior authorization accord-
ing to RBM #2 guidelines was good (90% agree-
ment, k 0.831 for appropriateness rating and 90%
agreement, k  0.800 for RBM #2 pre-
uthorization determination). Intraobserver repro-
ucibility was substantial for determining the indi-
ation for SE and the prior authorization according
o RBM #1 guidelines (70% agreement, k  0.670
or indications and 90% agreement, k  0.792 for
pre-authorization by RBM #1). Interobserver repro-
ducibility for appropriateness rating was substantial
(80% agreement, k 0.701) and moderate for choos-
ing the indication (60% agreement, k  0.593).D I S C U S S I O N
This is the second study to evaluate the applica-
tion of the updated 2011 AUC to SEs and the
first to compare RBM guidelines for SEs to the
AUC. Additionally, we described temporal
trends in utilization of SE after the publication of
the revised AUC and the impact of an educa-
tional initiative on referrals. We observed that SE
was often requested for inappropriate indications
according to both sets of AUC. We also observed
that the revised criteria addressed more indica-
tions for SE than the original criteria. We noted
that fair to substantial correlation between AUC
and the SE pre-certification guidelines of 2 major
RBMs was present. Additionally, we report that
the number of SEs requested for inappropriate
indications did not change over time despite
enhanced recognition of AUC. Unfortunately,
the educational initiative directed toward cardiologists
also did not result in a reduction in the number of SEs
requested for inappropriate indications.
Diagnostic cardiac imaging has come under
scrutiny and become a common topic in the
national dialogue about health care. Therefore,
an improved understanding of the utilization of
echocardiography has become increasingly im-
portant to the point that the Intersocietal Ac-
creditation Commission/Echocardiography has
incorporated appropriateness into laboratory ac-
creditation requirements for 2012 (13). The
Commission’s current document on adult echo-
Appropriat
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Figure 4. Appropriateness Ratings of 2011 Cohort
Appropriateness ratings of stress echocardiograms (SE) from the 20
according to the 2011 appropriate use criteria (AUC) shown as perc
total studies. Appropriateness did not signiﬁcantly change compare
2008 cohort.e
ate
d
11 cohort
ent of
d to thecardiography focuses on monitoring, reporting,
h
p
H
l
r
g
p
i
(
p
e
t
a
o
n
a
C
1
s
g
A
t
e
t
i
t
i
t
c
l
p
m
t
w
c
t
(
e
p
n.
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 6 , N O . 3 , 2 0 1 3
M A R C H 2 0 1 3 : 2 9 7 – 3 0 9
Willens et al.
Appropriateness Use Criteria for Stress Echocardiography
306and educational feedback, but quality will likely
be assessed based on a standard of appropriate-
ness. The current paper provides additional in-
formation regarding appropriate use of SE.
Three prior publications reported that SEs are
often requested for inappropriate indications, with
the rate of inappropriate referrals ranging from 19%
to 27% (6,7,14). The inappropriate indication rate
was higher at our institution. Our population was
younger and had more women than the other 3
reports, which would predispose our site to having
more inappropriate ratings (7). The inclusion of
inpatients in the report by Mansour et al. (7) may
ave contributed to a lower prevalence of inappro-
riate referrals in their study compared to ours.
owever, these observations may also reflect a more
iberal use of imaging with stress testing in lower
isk groups that has been reported for our geo-
raphic locale (15).
Overall, a relatively small number of inappro-
riate indications accounted for the majority of
nappropriate SE in all published reports
7,8,14). Although the most common inappro-
riate indications varied, SE requested for 1)
valuation of ischemic equivalent with low pre-
est probability of CAD, an interpretable ECG,
nd able to exercise (indication 114); 2) pre-
perative risk for intermediate risk surgery with
o clinical risk factors (indication 156); and 3)
symptomatic patients with intermediate global
AD risk and an interpretable ECG (indication
25) accounted for many of the inappropriate
tudies and would, therefore, be appropriate tar-
Appropriate
A
Pre-Intervention Cohort
Inappropriate
Uncertain
Unclassified
38.7%
31.5%
22.5%
7.2%
Figure 5. Impact of Education on Appropriateness Ratings
Appropriateness ratings according to the updated appropriate use
from the 20011 cohort (A) before education and (B) after education
signiﬁcant difference in the ratings after the educational interventioets for future educational interventions. pStudies of AUC for SE using the original 2008
criteria reported that 12% and 19% of SEs could
not be classified by the original AUC (7,8).
Italian investigators at a single center recently
reported that the updated AUC addressed the
indications of all the pharmacological SEs re-
quested in their practice between 2001 and 2007
(14). We observed that the updated criteria
captured more of the indications for exercise and
pharmacological SEs than the original AUC,
nearly eliminating SEs that could not be classi-
fied. We and others have reported similar im-
provement in the clinical application of the revised
UC to TTE (9,16–18). These observations suggest
hat with publication of the revised 2011 AUC for
chocardiography, the AUC have become a reliable
ool for assessing utilization that can be used by
nsurance companies and health plans.
Many health plans have introduced prior au-
horization programs for high-cost diagnostic
maging procedures. Although often citing AUC,
he extent to which the algorithms used by these
ompanies to determine pre-certification are
iterature-based is largely unknown. Studies of
re-authorization for computed tomography and
agnetic resonance imaging have shown reduc-
ions of utilization. However, whether patients
ith legitimate clinical indications for these pro-
edures were either not referred or were denied
he exam was not analyzed in these reports
19 –21). We previously reported that only mod-
st agreement was present between the RBMs
re-authorization determination and AUC ap-
Appropriate
Post-Intervention Cohort
Inappropriate
Uncertain
Unclassified
43.2%
32.4%
20.7%
3.6%
ria (AUC) of stress echocardiograms (SE) referred by cardiologists
own as percent of total examinations. There was no statisticallyB
crite
, shropriateness classification for TTE, and that a
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307substantial numbers of TTE studies receiving an
appropriate rating would have been deferred (9).
Compared to our findings in that report on TTE,
the correlation of AUC and RBM guidelines is
somewhat better for SE. Still, 40% of SE
requested for indications rated either appropriate
or uncertain by the AUC would not have been
authorized by a RBM. This finding implies a
potential for under-utilization of SE in some
health plans using pre-certification programs. Indi-
cation 3 from the 2008 AUC was the most common
clinical scenario with disagreement between AUC and
RBM guidelines because the recommendation for
stress testing without imaging is quite broad in the
algorithm of RBM #2. The discordance between
AUC and RBMs for TTE and SE suggests a need for
greater collaboration between medical societies and
health plan RBMs.
Although 1 of the goals of AUC is to provide
guidance to providers on how to select and use
diagnostic imaging efficiently, their impact on
utilization of imaging remains largely unknown.
There have been no prior studies on temporal
trends in appropriateness of utilization of SE.
Data on the temporal changes for the other
diagnostic cardiovascular imaging modalities af-
ter publication of original and revised AUC are
also sparse (22,23). Our observations about lack
of improvement in the appropriateness of refer-
rals of SE over a 3-year period and 4 months after
publication of the revised AUC are consistent
with the few reports on trends in utilization for
other types of diagnostic cardiovascular imaging.
Rahimi et al. (22) reported no change in the
appropriateness ratings of TTE of patients re-
ferred between 2000 and 2008 despite interim
publication of the initial AUC for TTE. A report
examining the utilization of stress single-photon
computed tomography myocardial perfusion im-
aging (SPECT-MPI) over time reported an ini-
tial improvement after publication of AUC for
SPECT-MPI. However, this favorable trend was
not sustained at later follow-up (23,24). Data
about the effectiveness of provider education on
improving utilization of diagnostic imaging are
also limited. A multicenter study of SPECT-
MPI did find substantial improvement at 1 of
several participating sites but not at the other
imaging centers (25). Another study reported no
benefit of an educational project on appropriate-
ness of SPECT-MPI (24). Studies involving
other clinical activities suggest that casual passive
educational projects such as ours do not signifi- Fcantly modify providers’ behavior (26). It has
been recommended that more intensive interven-
tions may be needed to actuate real change.
Potentially useful approaches include repetitive
longitudinal multifaceted education, interactive
case-based learning, personalized feedback to
practitioners with comparisons to benchmarks,
and provision of clinical decision aids that can be
used at point of care (27).
Study limitations. The size of each of the cohorts we
studied was modest. The study was performed at an
academic outpatient laboratory, and results may not
be generalizable to other settings. Classification of
appropriateness rating and pre-authorization status
remains subjective, requiring interpretation of the
AUC, RBM algorithms, and electronic medical
record data. Interobserver reproducibility for choos-
ing indications was 62% in our study, and was
broadly similar to the range of 56% to 72% reported
by other studies (4,8). Retrospective review of
electronic medical records may not capture all the
details and unique circumstances of an individual
case and may be a source of classification error. The
RBM algorithms in this study cited the 2008 AUC
and were developed before publication of the up-
dated AUC. Because of this, we considered the
correlation between the algorithms and the original
2008 criteria as most relevant and used this in our
primary analysis. Finally, changes in clinical practice
from 2008 to 2011 unrelated to AUC may effect
utilization and skew the assessment of temporal
trends.
C O N C L U S I O N S
The revisions in the updated AUC have improved
their clinical application by addressing nearly all
indications for SE. Correlation of AUC with the
algorithms of 2 RBMs used by health plans to
manage utilization of SE is substantial for the first
but only fair for the second. Stress echocardiogra-
phy continues to be commonly requested for inap-
propriate indications despite the publication of the
second AUC, and an educational intervention di-
rected at cardiologists did not improve their referral
patterns. These observations suggest a need for
greater dissemination of the AUC among providers
and greater collaboration between RBMs providing
services to health plans and the professional societies.
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